Diabetes is a known risk factor for mental health disorders in the older population. This effect can be due to direct impact of chronic disease or indirectly due to the impact of diabetic complications. This study aims to assess the association of individual diabetic complications with depression, generalized anxiety disorder (GAD), cognitive impairment, and quality of life (QOL) in older diabetic population. Materials and Methods: A cross-sectional study was performed in Geriatric Medicine OutPatient Department from November 2014 to June 2016. One hundred and eighty diabetic patients were diagnosed using the American Diabetes Association (ADA)-2015 diagnostic criteria and were included in the study. They were assessed for the presence of diabetic complications (diabetic retinopathy, diabetic nephropathy, diabetic neuropathy, coronary artery disease , and cerebrovascular disease (CVD) as per the ADA-2015 guidelines. They were also subjected to assessment for the presence of depression, GAD, cognitive impairment, and health-related QOL by using Geriatric Depression Scale, Mini-International Neuropsychiatric Interview, Montreal Cognitive Assessment , and WHOQOL-BREF scale, respectively. The Chi-square test/Fisher's exact test and unpaired t-test were used for the statistical analysis. Results: Diabetic neuropathy and CVD in diabetes have higher risk of depression (49.3% vs. 27%; P = 0.002) and cognitive impairment (82.4% vs. 50.9%; P = 0.013), respectively, as compared to those with diabetes without such complications. Patients with diabetic nephropathy have poor environmental domain QOL (68.02 ± 15.16 vs. 72.82 ± 14.86; P = 0.040) as compared to those without diabetic nephropathy. Conclusions: Diabetic complications in old age are independently associated with increased risk of mental health disorders and impaired health-related QOL. Thus, patients with diabetic complications should be specifically assessed and managed for mental health disorders in addition to the management of metabolic abnormalities.
INTRODUCTION
Diabetes is a chronic disease characterized by elevated levels of blood glucose. These elevated glucose levels may lead to serious damages to various organs (heart, blood vessels, eyes, kidneys, and nerves) over time. Diabetes is one of the most common causes of blindness, renal failure, neuropathy, myocardial infarctions, stroke, and lower limb amputation in the elderly.
The prevalence of coronary heart disease among diabetes patients with a mean age of 80 years can be up to 44%. [1] Among adults aged ≥60 years, the prevalence of peripheral vascular disease for patients with diabetes is almost twice higher as compared to those without diabetes. [2] The National Health and Nutritional Examination Survey reported a crude prevalence of diabetic retinopathy as 29.5% among diabetic patients aged ≥65 years. The prevalence of chronic kidney disease is consistently higher among patients with diabetes. Among adults aged ≥75 years, about 1/3 of new cases of end-stage renal disease are caused by diabetic nephropathy. [3] Depression is linked to the hypothalamic-pituitary-adrenal axis dysregulation, sympathetic nervous system activation, and proinflammatory and procoagulation markers among Journal of Geriatric Mental Health | Volume 6 | Issue 2 | July-December 2019 patients with coexisting cardiovascular disorders. [4] Perhaps, these pathophysiologic responses also have similar roles in the progression of microvascular and macrovascular complications in diabetic patients. Major depression in diabetes is associated with increased risk of diabetic complications (both microvascular and macrovascular) over longitudinal follow-up, even after adjusting for the severity of diabetes and self-care activities. [5] A diagnosis of diabetes may induce anxiety because individuals may perceive that their disease requires undesirable lifestyle changes, causes them to lose control over their health and will lead to various complications, such as diabetic retinopathy, neuropathy, sexual dysfunction, and macrovascular complications. [6] Peyrot et al. demonstrated that individuals with anxious coping styles (i.e., avoidance, escape, and denial) showed reduced adherence to diabetes self-care regimens and poorer glycemic control, which, in turn, may lead to increased diabetic complications. [7] Microvascular damage may lead to cerebral microinfarcts and cerebral white matter lesions. Previous studies have shown that the vascular complications of diabetes (such as retinopathy) are the most important predictors for the cognitive decline. [8] Among diabetic individuals, a key factor influencing the quality of life (QOL) includes the degree and nature of diabetes-related complications experienced by patients. Thus, the prevention of these complications is critical to reduce the decline in QOL for people with diabetes. [9] Most of the previous studies have either focused only on depression or anxiety disorder or cognition, but studies assessing all of them comprehensively along with QOL together in diabetes are limited. Main aims of this study were to find the association of diabetes complications with depression, generalized anxiety disorder (GAD), cognitive impairment, and QOL in older diabetics in the Indian population. This study is a subgroup analysis of previously published study in "Journal of geriatric mental health" that compared the frequency of Depression, GAD, cognitive impairment, and QOL in older diabetics as compared to nondiabetic in the Indian population. [10] 
MATERIALS AND METHODS
In this cross-sectional descriptive study, 180 cases of diabetes diagnosed as per the American Diabetes Association (ADA)-2015 criteria were recruited from the Geriatric Medicine Out Patient Department of a tertiary care hospital between November 2014 and June 2016. Patients were recruited using nonprobability sampling method, where first two cases fulfilling the inclusion and exclusion criteria were recruited daily. Inclusion criteria were diabetes diagnosed as per the ADA-2015 criteria and willingness to participate in the study. Exclusion criteria were inability to communicate for the complete assessment and withdrawal of consent. Permission for ethical clearance was obtained from the local ethical body of the institution. After recruitment, patients were subjected to detailed assessment, which included demographic details, standard clinical assessment, and other health issues etc.
For diagnosing diabetic complications, various tools were used, as summarized in Table 1 . Other comorbidities such as hypertension and chronic obstructive pulmonary disease (COPD) were also enquired. Mental health assessment was performed using validated scales, as summarized in Table 1 .
To compare the association of diabetic complications with mental health disorders (depression, GAD, and cognitive dysfunction) and QOL, the Chi-square test/Fisher's exact test and unpaired t-test were used, respectively. Correlation analysis was used to compare the two continuous variables. Multivariate logistic and multivariate regression analysis was used to find whether various factors are the independent risk factors for the outcomes in diabetes. [11] Score >5 = Suggestive of depression Validated instrument for screening depression in elderly GAD MINI [12] Cognitive impairment MoCA [13] Score <26=Cognitive impairment Very good sensitivity and better than MMSE for screening mild cognitive dysfunction QOL WHOQOL-BREF [14] Assess QOL under four domains 
RESULTS
The mean age of diabetic patients in this study was 64.68 ± 4.89. Among them, around 60% were male. Cases were distributed evenly in all the strata of socioeconomic status. Mean body mass index (BMI) was 24.11 ± 4.07 [ Tables 2 and 3 ].
Diabetic neuropathy was associated with increased risk of depression as compared to those without diabetic neuropathy in diabetic patients (49.3% vs. 27%; P = 0.002) [ Table 4 ]. There was no significant association of any diabetic complication with GAD [ Table 4 ]. CVD was associated with increased risk of cognitive dysfunction as compared to those without CVD in diabetes patients (82.4% vs. 50.9%; P = 0.013) [ Table 4 ].
Environmental domain QOL was poor in a patient with diabetic nephropathy as compared to those without diabetic nephropathy (68.02 ± 15.16 vs. 72.82 ± 14.86; P = 0.040) [ Table 5 ].
On further analysis, mean scores of the Geriatric Depression Scale (GDS) had weakly negative correlation with a mean score of Montreal Cognitive Assessment (correlation coefficient = −0.180, P = 0.016). Furthermore, diabetic neuropathy was significantly associated with higher value of GDS scores as compared to those without diabetic neuropathy (P = 0.008) [ Supplementary Table 4 ].
DISCUSSION
Diabetes is an epidemic of the 21 st century. It not only impairs physical health of the individual but also hampers mental health, social health, and financial health of the individual. Older patients are even more vulnerable as diabetic complications are common in old age.
In this study, the mean age in diabetic is 64.68 ± 4.89 years.
Most of them (72.8%) are ≤65 years old. This trend is similar to what is seen in urban slums of Delhi where the incidence of diabetes increases initially with age but declines thereafter. [15] Even though the peak age, when the incidence starts declining is earlier than western countries. This can also be biased due to the social factors in India, where relatively younger elderly reach more to tertiary hospitals for treatment, whereas very elderly usually continue their treatment from primary or secondary care hospitals and rarely report to tertiary care hospitals. In this study, majority are male, which is different from what is seen by the International Diabetes Federation [16] where diabetes is equally distributed in both the genders. This can be biased due to the patriarchal society where females often have restricted access to health care system. Around 56% are overweight or obese in this study, suggesting that Indian elderly diabetics are thinner than their Western counterparts, where the incidence of obese or overweight in elderly diabetic is 84.7%. [17] In this study, two-thirds of diabetic patients have some form of diabetic complications (either microvascular or macrovascular). The frequency of diabetic retinopathy, diabetic nephropathy, and diabetic neuropathy is 32.8%, 36.1%, and 38.3%, respectively. Rema et al., [18] Unnikrishnan et al., [19] and Pradeepa et al. [20] observed the prevalence of diabetic retinopathy, microalbuminuria, and diabetic neuropathy to be 20.8%, 26.9%, and 26.1% respectively, in the Chennai population. The frequency of CAD and CVD in this study is 19.4% and 9.4%, respectively, in diabetes, which is similar to their western counterparts. [21] Vision loss increases falls risk in older individuals, which may lead to functional disability and potentially result in older patients feeling isolated and being more vulnerable to depression.
Diabetic neuropathy leads to approximately two times increased risk of depression than those without diabetic neuropathy in diabetes patients (49.3% vs. 27%). This relationship between diabetic neuropathy and depressive symptoms can be due to patients' subjective experiences of neuropathic pain, reduced feeling in the feet and unsteadiness, and the presence of a neuropathic foot ulcer. Thus, neuropathy itself may be an independent risk factor for depression in diabetic patients. Previous studies have also predicted diabetic neuropathy as one of the strongest factors related to depression in diabetes. [22] In older diabetic patients, peripheral neuropathies have detrimental effects on stability, sensorimotor function, gait, and activities of daily living. [23] GADs are not specifically associated with any diabetic complication. Although previous studies have discovered the association between anxiety and diabetic complications, most of those studies have used the screening tools for assessing the anxiety symptoms rather than specifically diagnosing GAD. [24] CVD leads to ~60% increased risk of cognitive dysfunction as compared to those without CVD in diabetes patients (82.4% vs. 50.9%). Multiple pathophysiological mechanisms contribute to cognitive dysfunction. Although the main changes in the brain include cerebral infarcts, cognitive dysfunction can be due to factors beyond acute infarcts. Cerebral white matter lesions and silent brain infarcts are considered to be risk factors for dementia. [25] Previous studies have shown diabetes as a risk factor dementia (vascular and neurodegenerative) with approximately two-fold increased risk. [26] Not having diabetes in lifetime can be associated with preserved cognitive function in women >80 years of age. [27] The mean scores of environmental domain QOL in a patient with diabetic nephropathy are poor when compared with those without diabetic nephropathy.
In previous studies, complications of diabetes are the most important disease-specific determinant of QOL. [28] Diabetic nephropathy itself may worsen environmental QOL through various mechanisms. In WHOQOL-BREF, environmental domains questionnaire includes "How safe do you feel in your daily life?" and "Have you enough money to meet your needs?" In diabetic nephropathy, patients feel that their kidneys are failing, and they will need lifelong dialysis, and hence, they have a sense of insecurity about their future. Furthermore, they have to spend a lot more money for dialysis and medications for chronic kidney disease, which may have a financial impact on patient. Thus, diabetic nephropathy may directly impair the QOL in diabetic patients.
The strength of this study is adequate sample size and comprehensive evaluation of mental health disorders allowing the assessment of various mental health issues comprehensively, unlike various previous studies that assessed mental health issues in isolation.
Limitations of the study are the inability to establish the causative relation between diabetic complications and mental health for which a longitudinal study is needed.
Results cannot be generalized to other populations or to community settings as this study includes patients from a single center of tertiary care hospital.
CONCLUSIONS
In summary, this study has shown that diabetic complications such as diabetic neuropathy, CVD, and diabetic nephropathy are risk factors for depression, cognitive dysfunction, and the environmental domain of impaired QOL. Although all the diabetic patients should have a comprehensive mental health check-up routinely, in Indian scenario, physician may not spend enough time for diagnosing mental health disorders in all diabetic patients due to time constraints. Thus, at least, patients with diabetic complications should be screened for mental health disorders as they are more likely to have these mental disorders than diabetic without any complications.
This study has shown that diabetic complications are at increased risk of mental health disorders when compared with those without complications, but there are no studies suggesting whether screening and early treatment of these mental disorders have beneficial effects on the level of glycemic control, adherence to treatment, morbidity, and overall mortality. Future studies are required to study these outcomes. in analysis and writing of the paper. Dr. Nand Kumar and Dr. Sujata Satapathy helped in understanding the diagnosis of mental disorders. Dr. Sada Nand Dwivedi helped in the statistical analysis of results. Dr. A.B Dey mentored in conducting research, case recruitment and writing the paper.
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